Highly porous and interconnected styrene/acrylic-based porous materials were prepared by radiation-induced graft copolymerization of styrene/acrylic acid monomers onto surface of silica prepared from rice husk ash. The influence of synthesis conditions; such as irradiation dose, monomer concentrations and different solvents; were studied. It was found that the nature of the solvent had profound influence on the copolymerization reaction and water /ethanol mixture was selected as a suitable solvent for copolymerization processes. Graft copolymers of styrene/ acrylic onto silica surface was verified through Fourier Transform Infrared (FTIR) spectroscopy and Eenergy Dispersive Spectroscopy (EDX) was used to investigate the surface profile of representative copolymers by viewing the distribution of elemental nitrogen. Thermo Gravimetric Analysis (TGA) and differential Thermal Analysis (DTA) of the copolymers were investigated. From the characterization of the prepared copolymer it was found that: copolymers of (styrene/acrylic)/silica are considerably different from each other, (styrene/acrylic)/silica based copolymers exhibited relatively more homogenous surface compared to (styrene/acrylic) copolymers. Water uptake percent increases as silica ratio increases to reach 24174 (mol/gm) and this prepared copolymer has a considerable capacity for adsorption of organic compounds and metals.
INTRODUCTION
One of the commonly used methods for modifying the surface and bulk properties of inorganic materials is to graft monomers onto them by using an irradiation technique known as radiation-induced grafting. Radiation-induced grafting method has the advantages such as simplicity, low cost, control over process and adjustment of the materials composition and structure. In addition, this method assures the grafting of monomers that are difficult to polymerize by conventional methods without residues of initiators and catalyst [1] . Radiationinduced grafting method is simply based on the irradiation of a base polymer either in the presence of a monomer (simultaneous radiation grafting) or without a monomer (preirradiation grafting) to create active sites.
It is known that the use of solvents in radiation grafting enhances the accessibility of monomer to the grafting sites due to the ability of the solvent to swell the base polymer and the nature of the solvent may influence the grafting kinetics, the length of grafted chains, and polymer microstructure. Selection of solvents is one of the essential factors toward the success of radiation-induced grafting process. There are only a few publications on the influence of solvents on radiation induced grafting of different monomer/silica combinations [12, [20] [21] [22] [23] .
However, research is still needed for understanding of the effect of solvents on grafting and properties of copolymers. Consequently, not only the base polymer used but also grafting process (simultaneous radiation grafting, different doses, grafting in aqueous media or bulk grafting, etc. were performed mostly in literature) are very different from our current process and the resultant novel graft copolymers will exhibit quite different properties. Therefore, it is desirable to investigate both the grafting of these monomers onto silica surface and characterization of the resultant graft copolymers in detail.
This study concerns mainly the synthesis of graft copolymers using radiation induced grafting. Grafting conditions especially the effect of solvents during radiation grafting were investigated in detail. Moreover, resultant graft copolymers were characterized by different techniques and tested for adsorption some metals present in aqueous solutions.
EXPERIMENTAL

Materials
The base silica: Preparation of silica from rice husk ash.
Rice husk ash (RHA), was prepared by carbonization of Rice Husk (RH) at 500 o C for 1 hr. RHA was stirred with a solution of concentration 5% KOH at a weight ratio of 1:12 (g/ml) RHA to solution, respectively, and heated to boiling for 1 hr. Then, the mixture was left overnight, filtered and washed twice with distilled water at a weight ratio of 1:8. The filtrate was collected, and subsequently used, as it is predicted to contain leached silica which is the major component of the ash. To the filtrate, 10% HCl was added, until the pH of the solution reached 5-7, to form the silica gel. The obtained silica gel was used in two forms: the first is as it is in the wet form, and the second is after drying in an oven at 120 o C for sufficient time to the constant weight.
The monomer and reagents used:
The reagents used during copolymerization as monomers (styrene, acrylic acid) and different solvents (Sigma Aldrich), were used without any further purification.
Radiation induced grafting:
The base silica dissolved in sodium hydroxide solution were placed into glass tube and then grafting solution composed of monomer and solvent was added to the tube which were then purged with dry nitrogen for 30 minutes, subsequently sealed and then irradiated at Co 60 gamma irradiation cell. Grafting copolymerization reactions were carried out for certain times to achieve reasonable grafting by irradiation dose. The addition of silica and different monomer and solvents were added according to the following table: 
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After dissolving and the addition of silica to the mixture of copolymer sty/AAc and dioxane solvent, the mixture was taken under vigorous steering to the oven at 100 0 C to extract water and then exposed to irradiation dose of 20 KGy (1.2 Gy/second). Irradiation of samples was carried out at the National Center for Radiation Research and Technology, NCRRT (AEA), Nasr City, Cairo Egypt. The grafted copolymers were washed with the solvent used during grafting in order to remove residual monomer and/or polymer, which were not bonded to the base copolymer, then dried at 70 °C and reweighed.
Characterization of prepared copolymer:
I) Fourier transform infrared spectroscopy (FTIR): The structure of both the base silica and the grafted copolymers was analyzed by Fourier transform infrared (FTIR) spectroscopy.
Measurements were carried out in absorbance mode in a wave range of 4000-500 cm -1 .
II) Scanning Electron Microscope (SEM):
Scanning Electron Microscope-energy dispersive spectroscope, SEM-EDX, (Supra 35VP, Leo, Germany) measurement were conducted to investigate the nitrogen distribution on the surface of the copolymer. An accelerating voltage of 10 kV was used during the measurements.
III) Thermo Gravimetric Analysis (TGA):
Thermo gravimetric analyses (TGA) of synthesized hydrogels were performed using
Polymer Laboratories systems at a heating rate of 20 o C/min under nitrogen atmosphere.
VI) Adsorption from solution:
The different synthetic copolymers grafted to silica, in two different forms (wet gel and dry powder) in different ratio with different volumes of copolymers, were tested for their swelling in water and their feasibility to treatment of different organic compounds and some heavy metals from aqueous solutions.
1) Absorbability of water:
The tea bag (i.e. a 100 mesh nylon screen) containing an accurately weighed sample (0.1 ± 0.001 g) was immersed entirely in 200 ml distilled water and allowed to soak for 5 hr at room temperature. The sample particle sizes were 40-60 meshes (250-400 µm). The tea bag was hung up for 15 min in order to remove the excess water. The swelling % (S %) was calculated according to following equation:
Where, W 1 and W 2 are the weights of dry and swollen gel, respectively.
2) Adsorption of organic compounds and heavy metals from aqueous solutions.
The prepared new copolymer adsorbents were tested for their efficiency for removal of some organic compounds which are: Methylene Blue (MB), 4-Nitophenol (4-NP), Trartrazine (T) and Congo Red (CR). In addition to organic compounds some of metals such as: Pb, Sr, Ni, Co, Cr and Fe were used to investigate the efficiency of prepared copolymer for treatment of metal ions from aqueous solutions. A known volume and concentration of each organic and metal ions at its initial pH was mixed with known weight of each sample of prepared copolymer and shacked at room temperature for 24 hr. The residual concentration of each solution was measured using UV and Atomic Absorption spectrophotometer. The uptake of each sample was measured using the following equation:
Where, C o and C e are initial and final concentrations of adsorbate. V is the volume of adsorbate solution (per liter) and M is copolymer sample weight in gram. And % removal calculated from the following equation: % Removal = (C o -C e ) X (100/C o ).
3-Results and discussion
Adsorption from solution:
The use of prepared copolymer in the adsorption of some organic compounds and metal ions which used in a different industrial field and scientific application was investigated. In the experimental work it was found that the swilling of the prepared copolymer is the most important property which can affect on their capacity and efficiency in the removal of organic compounds and metal ions during the adsorption processes. Therefore, the swilling of the prepared copolymer in distilled water was studied. Figure (1): Swelling % of the prepared copolymer in distilled water.
Absorbability of water (swilling %):
As seen from the figure and table (1) sample number 11, which was prepared from 2.5 ml AAC, 3 ml Dioxane and 6 ml of solution (0.4 gm of silica + 20 ml 1N NaOH) based on silica powder form, has the highest swilling % of all prepared samples. It is also clear that:
-The presence of styrene decrease the swilling % of the prepared copolymer grafted to silica in both of gel and powder form.
-There is no effect of the increase of the silica volume in the gel form in both cases of the presence and absence of styrene.
-In the powder form, as the silica increases the swilling % increases to the ratio of (1:2) dioxane to silica solution. But with the increase of silica solution than this ratio, the swilling % greatly decreases.
-The best result of swilling % obtained in absence of styrene and presence of AAC and the ratio of (1:2) dioxane to silica in the powder form.
Adsorption of organic compounds:
The following tables (2&3) shows the % removal and uptake (mg/g) of Methylene Blue molecule of methylene blue. [1] As an experimental pharmaceutical drug, the International
Nonproprietary Name (INN) of methylene blue is methylthioninium chloride.
[2] [3] . Methylene blue was first prepared in 1876 by German chemist Heinrich Caro (1834 Caro ( -1910 . [4] Methylene blue para-nitrophenol
From the following table it is clear that:
1-The presence of styrene in preparation of copolymer from silica in gel form decrease the % removal (and uptake) of MB. On the contrary, the presence of it in preparation of silica in powder form increases the % removal (and uptake) of MB and as the concentration of silica increases the uptake increased.
2-Generally, the obtained results indicated that the highest uptake and % removal did not depend on the presence or absence of styrene in the preparation of copolymer and the silica is in gel or powder form. And the best result was obtained from sample 6 and 7 as seen from table (2).
3-The absence of styrene in the preparation of copolymer from silica in powder form leads to the increase of swilling %.
4-There is no relationship between the swilling and % removal (and uptake) of MB.
5-Starting weight of the samples and pH of the MB after mixing with copolymer had no effect on the % removal and uptake of MB from solution. = 100 mg/l, V = 20 ml, pH 0 = 3.9, for PNP: C o = 300 mg/l, V = 25 ml, pH 0 = 4.71].
Adsorption of 4-nitrophenol:
4-Nitrophenol (also called p-nitrophenol or 4-hydroxynitrobenzene) is a phenolic compound that has a nitro group at the opposite position of hydroxy group on the benzene ring. 4-Nitrophenol is an intermediate in the synthesis of paracetamol. It is reduced to 4-aminophenol, then acetylated with acetic anhydride [1] . 4-Nitrophenol is used as the precursor for the preparation of phenetidine and acetophenetidine, indicators, and raw materials for fungicides. In peptide synthesis, carboxylate ester derivatives of 4-nitrophenol may serve as activated components for construction of amide moieties. 4-Nitrophenol irritates the eyes, skin, and respiratory tract. [2] It may also cause inflammation of those parts. It has a delayed interaction with blood and forms methaemoglobin which is responsible for methemoglobinemia, potentially causing cyanosis, confusion, and unconsciousness. [2] When ingested, it causes abdominal pain and vomiting. Prolonged contact with skin may cause allergic response. The LD 50 in mice is 282 mg/kg and in rats is 202 mg/kg. The prepared copolymer was used for adsorption of PNP and the uptake was tabulated as shown in the above table. From the above table:
1-The presence of styrene in preparation of copolymer from silica in gel form decrease the % removal (and uptake) of 4-NP. But, the presence of it in preparation with silica in powder form increases the % removal (and uptake) of 4-NP and as the concentration of silica increases the uptake decreased. Whereas in absence of styrene and silica in powder form, as the concentration of silica increases the % removal of 4-NP reaches 100 %.
2-The results indicated that the highest uptake and % removal was obtained by sample 12 as shown from table (2).
3-There is no relationship between weight of the samples and % removal (and uptake) of 4-NP.
4-pH of the 4-NP play an important role in the % removal where, as the pH of solution increased the % removal increased and the highest value of % removal (100%) was obtained at pH of 6.18.
Adsorption of tartrazine:
Tartrazine is a synthetic lemon yellow azo dye primarily used as a food coloring. and Trisodium 1-(4-sulfonatophenyl)-4-(4-sulfonatophenylazo)-5-pyrazolone-3-carboxylate). [3] Tartrazine is a synthetic organic chemical. [4] [5] It is water soluble [6] and has a maximum absorbance in an aqueous solution at 427± 2 nm. [7] . Tartrazine is a commonly used color all over the world, mainly for yellow, but can also be used with Brilliant Blue FCF (FD&C Blue 1, E133) or Green S (E142) to produce various green shades. As seen from figure and table (3), the tartrazine has a high molecular size which may decrease the mobility of it through the steps of the adsorption processes leading to the decrease of the adsorption process of such molecules. There is no relationship between sample weight and uptake. The presence of silica in powder form in absence of styrene leads to the prevention of uptake completely. The presence of silica in gel form and in absence of styrene in copolymer makes the uptake of Tartrazine is better than in presence of styrene. 
Adsorption of congo red(CR):
Congo red is the sodium salt of 3, 3'-( -Starting weight of the sample had no effect on the % removal of CR using prepared copolymer.
-In absence of styrene, preparation of copolymer from silica gel is recommended and leads to 100% removal of CR whereas preparation from silica powder leads to 0.0 % removal of CR.
-In presence of styrene, preparation of copolymer from silica in gel form is also preferred than silica in powder form and leads to higher % removal.
-pH of the solution has no effect on the % removal of CR using prepared copolymer.
Adsorption of heavy metals:
Heavy metals ions such as Pb, Sr, Ni, Co, Cr and Fe (II) in wastewater are hazardous to the environment. These heavy metals are of particular concern to human health. They act as poisonous interference to the enzyme systems and metabolism of the body and tend to accumulate in the food chain and in soft (e.g., kidney) and hard tissues (e.g., bone). Therefore, environmental contamination and exposure to heavy metals ions is a serious growing problem throughout the world [1] [2] [3] .
Several techniques have been employed for treating wastewater, which include precipitation, chemical reduction, ion-exchange, reverse osmosis, filtration, coagulation and electrolytic recovery. On account of the low operating cost, precipitation and chemical reduction treatment are the most frequently used techniques, especially on the pretreatment of high concentration wastewater. The prepared samples of copolymer were used in this study for removal some of heavy as shown in the following table: 2-In presence and in absence of styrene, the preparation of copolymer from silica in powder form is preferred than in gel form where it leads to higher adsorption and removal capacity of the studied metals ions.
3-Sample number 11 had the highest adsorption and % removal capacity for studied metal ions and sample number 2 had the lowest values.
